Introduction. There is some recent evidence that temporal specificity is important for optimizing training for muscular performance. This study was to examine the long-term effects of static stretching performed at different times of day on hamstring torque and flexibility. Methods. The total of 60 trained male subjects with tight hamstring were selected and randomly divided into 3 equal groups. Group A received static stretch in the morning (07:00-9:00), group B in the afternoon (13:00-16:00), and group C in the evening (18:00-20:00). The hamstring isokinetic concentric and eccentric peak torque and knee extension range of motion were assessed before and after 6 weeks of static stretching (3 repetitions of 30 s, 5 times/week). Results. A statistically significant increase was observed in hamstring concentric and eccentric torque, and flexibility after static stretching at different times of day (p < 0.05). The concentric and eccentric torque post-training values were significantly higher than the pre-training values (p < 0.05). The hamstring flexibility post-training values of groups B and C were significantly higher than for group A (p < 0.05). The torque and flexibility change scores of groups B and C were significantly higher than for group A (p < 0.05), without any significant difference between groups B and C (p > 0.05).
Introduction
The circadian rhythms of behaviour and biological functions are synchronized with the light-dark cycle through 24 h of the day [1] . There is a molecular clock in the skeletal muscle, and the temporal specificity is important for optimizing training for muscular performance [2] . dudek and Meng [3] maintain that it is still too early to understand the influence of the circadian clock on the physiological functions of the musculoskeletal system.
There is a significant influence of circadian rhythm on body temperature, reaction time, self-rated alertness, fatigue, forward (sit-and-reach) flexibility, and right hand grip strength, all peaking between 16:00 h and 20:00 h. However, the circadian rhythm has an insignificant influence on whole body flexibility as measured by the stand-and-reach test [4] . Besides, the best scores of balance were found at 13:00 h and 17:00 h in a male group and in a trained group [5] .
Circadian rhythm has been found to affect the athletic performance levels [6] ; the physical performance was significantly higher in the afternoon than in the morning [7] . Moreover, Souissi et al. [8] showed circadian fluctuation in sports performance, with morning lowest values and afternoon highest values. it has been reported that the peak strength of lower limbs is increased over the time course of the day [9, 10] . The peak isometric extension torque has a significant upward shift in the evening relative to the morning [11] .
Moreover, athletes should perform knee flexion strengthening exercises training/competitions in the late afternoon or early evening in order to maximize their performance [12] . However, there were no significant differences in peak torque of knee extensors by time of day at different angular velocities [13] .
Recently, Ammar et al. [14] have concluded that the currently available studies investigating the circadian rhythms of physiological functions at rest and after physical exercise are limited. Hamstring flexibility increased significantly throughout the day and was the greatest at 18:00 h [15] . Moreover, tendons are more compliant at night [11] . These studies proved the presence of increased muscle compliance at night, and greater flexibility as a consequence.
There are many explanations for the changes in muscle flexibility through the day. The body temperature is maximal in the early evening, facilitating increased energy metabolism and muscle compliance [16] , and the production of testosterone peaks in the morning and declines in early evening, causing changes in tendon stiffness [8] . Moreover, the time-of-day changes in flexibility are attributed to anabolic steroid levels [17] .
Static stretching is a common technique used by sports medicine specialists to increase muscle length without potential tissue trauma. it takes the muscle to its end range, and then maintains this position for a specified duration until a 'release' or decreased tissue tension is felt [18] . ichihashi et al. [19] reported that static stretch intervention reduced the hardness of the hamstring muscle components. Moreover, it is effective in increasing the concentric torque and flexibility of hamstring muscles [20] , and successful in increasing the concentric and eccentric plantar-flexors torque and flexibility [21] . A recent review of Medeiros and Lima [22] reported that more than half of the studies found positive effects of stretch training on muscle performance. The improvements were observed only in functional tests and isotonic contractions, without affecting isometric contractions. However, more studies are needed to confirm whether flexibility training can positively affect muscle performance.
Although the previous studies examined the circadian rhythm effect on muscle strength and flexibility and found that the muscular performance was better at specific times of day than at others, no research has been conducted to determine the optimum time of day to perform the flexibility training. So, this study aimed to examine the long-term effects of static stretching carried out at different times of day on hamstring torque and flexibility. The authors hypothesized that the hamstring muscle peak torque and flexibility would be different if static stretch training was applied at different times of day.
Subjects and methods

Subjects
This was a randomized prospective study. There were 3 experimental groups, with participants randomly assigned to one of them. Hamstring muscle static stretching was applied in the morning, afternoon, or evening. All groups participated in the same hamstring stretching protocol, and thus there was no comparative control group. This study measured the changes in hamstring muscle flexibility and concentric and eccentric peak torque in all groups.
in the study, 75 trained physical therapy male students were initially identified as potential participants; 12 of them did not meet the inclusion criteria. The total of 63 students, whose age ranged from 18 to 25 years, participated in the study. one participant withdrew from each group. The students were recruited by convenience sampling. in order to be recruited, the individuals had to meet the following inclusion criteria: (1) no physical impairments in either lower limb or lower back in the previous year; (2) the right side being dominant (tested side); the dominant leg was determined by pointing the leg with which the person kicked the ball and hopped over obstacles; (3) the tested extremity exhibiting Figure 1 . Flowchart showing the study sequence of events hamstring tightness with at least 20° deficit to full knee extension from supine with the hip at 90°; (4) no past history of trauma to the hamstring muscle; (5) no history of neurologic dysfunctions or systemic diseases affecting the lower extremities or ambulation; (6) the participant was considered trained if he had engaged in regular aerobic activity (i.e. running or cycling) at least 3 times weekly for more than 20 minutes a session for more than 6 months [21] . Figure 1 shows the recruitment, assignment, and progression of the participants through the study.
The participants were provided a clear description of the study procedures. They were randomized to 3 groups: the SPSS computer program, version 20.0 (iBM Corp., Armonk, USA) was used to conceal group allocation. Group A received static hamstring stretch training in the morning (07:00-9:00 h). Groups B and C received the same stretch training in the afternoon (13:00-16:00 h) and in the evening (18:00-20:00 h), respectively. The time of intervention was determined in accordance with the study protocol by deschenes et al. [9] and Sinclair et al. [12] . The participants were randomly assigned after pre-testing. The groups were pre-tested for flexibility and peak eccentric and concentric torque 2 days before starting the stretching programme. Then, the groups began their respective 6-week interventions. The post-testing session was performed 1 week after the intervention end date, at the same time as the training.
The demographic characteristics of the participants are shown in Table 1 . 
Procedures
All flexibility and strength tests were administered by the same tester before and after the intervention. The pre-and post-training testing procedures were identical. The participants were instructed to wear loose clothing prior to the day of the measurements in order to ensure that the clothing would not provide restriction while measuring the hamstring flexibility and torque.
Knee extension flexibility was tested in accordance with the protocol described by davis et al. [23] . The subject was instructed to lie on his back with the hips and knees fully extended. A universal goniometer was used to measure the degrees of extension. The axis was placed over the lateral epicondyle of the femur. The stationary arm was positioned parallel to the longitudinal axis of the femur, pointing toward the greater trochanter. The moveable arm was placed parallel to the longitudinal axis of the fibula, pointing toward the lateral malleolus. The leg to be tested was then passively raised by the examiner to 90° of hip flexion as recorded by another universal goniometer. The axis of this goniometer was placed on the greater trochanter of the femur; the stationary arm was placed parallel to the midaxillary line of the trunk, while the moveable arm was positioned parallel to the longitudinal axis of the femur, pointing toward the lateral epicondyle. The subject's knee was then passively straightened to the point where the subject reported a strong but tolerable stretch in his hamstrings. The contralateral lower extremity was fixed to the table in full knee extension with a nylon strap over the distal thigh. The angle of the knee was then measured with the use of the universal goniometer placed on the knee (Figure 2 ). The goniometer was selected because of its high reliability and common usage by physical therapists in clinical settings [24] .
Hamstring torque was assessed with a Biodex dynamometer (Biodex Multi-Joint System 3, Shirley, USA), the room temperature was maintained at 21°C. only fruit juice was allowed as breakfast, lunch, or dinner, 90 minutes before the testing session, and only a glass of water (200 ml) was allowed before taking the measurement. The subject warmed up on a stationary bicycle (75 W) for 5 minutes at the speed of 20 km/h; this was followed by a set of three 30-s stretches (with 30-s intervals) focused on knee flexors, knee extensors, and plantar flexors [25] . After that, the subjects were positioned in an isokinetic dynamometer with the backrest reclined 5° from the vertical plane and knees flexed at 90°. Then, straps were placed across each participant's trunk, pelvis, and thigh to avoid compensatory movements. The dynamometer axis was aligned with the axis of rotation of the knee joint (lateral femoral epicondyle) and the dynamometer lever arm was attached to the distal leg (5 cm above the medial malleolus). The familiarization period consisted of 3 submaximal eccentric/concentric contractions of the knee flexors, followed by a 3-minute rest between the warm-up and the actual test, and 1 minute was allowed between the testing speeds of 90°/s. The effect of gravity on torque was corrected with the knee flexed at 60°, and the adjustment for correction was calculated by using the instrument's software [26] .
The knee flexor torque was evaluated under eccentric and concentric isokinetic torque at the angular velocity of 90°/s. The range of motion (RoM) for the eccentric/concentric isokinetic evaluations was set to 70° (flexion from 90° to 20°). The test consisted of a set of 5 consecutive maximal voluntary eccentric/concentric contractions. The maximum peak torque obtained for the 5 contractions of knee flexors was calculated at the end of each set. during evaluation, the subjects received verbal commands from the examiner in a standardized manner to encourage maximal contraction. Additionally, the participants were provided with displayed visual feedback graphs on the instrument's screen (Figure 3) . during static stretching (standing hamstring stretch), the participants stood facing the table of evaluation with the right heel placed on the table edge. Then the subjects were instructed to bend forward and maintain a flat back with the pelvis moved in the direction of anterior rotation. They had to keep a neutral position of the head and the stretched leg in full extension, 3 times for 30 s each (5 days/week). The participants rested for 15 s between stretches and during the rest period they removed their leg from the table. Warm-up did not occur before the stretching sessions. Also, the subjects wore shorts and removed their shoes for each session. The stretching sessions were supervised by one of the researchers [27] . All individuals received a handout describing the ideal stretch technique and a checklist to keep a record of the days and times they performed the exercises. if a participant missed a stretching session, he stretched later or the next day at the same time of day. Prior to the beginning of the study, it was determined that any subject who missed 2 stretching sessions would be excluded.
Statistical analysis
data were analysed with the Statistical Package for Social Sciences, version 20.0 (iBM Corp., Armonk, USA). descriptive statistics were calculated for the subjects' demographic data. The measured data were analysed and reported as knee extension RoM, and hamstring muscles eccentric and concentric isokinetic peak torques. A one-way analysis of variance (ANoVA) was used to assess the effect of intervention within each group and between groups (pre-training and post-training values) on the dependent variables (concentric torque, eccentric torque, and knee extension). Finally, ANoVA was applied to compare the change scores of the 3 groups. in the case of a significant difference, Tukey's test was performed to identify the source of difference. Statistical significance was set at p < 0.05 for all tests.
The data were screened for normality assumption, homogeneity of variance, and presence of outliers. This exploration was performed as a pre-requisite for parametric calculations of the analysis of difference. descriptive analysis with the use of histograms with the normal distribution curve showed that the dependent variables were normally distributed. Additionally, testing for homogeneity revealed that there was no significant difference (p > 0.05). Shapiro-Wilk test reflected that the data were normally distributed for all dependent variables. These findings allowed the researchers to conduct parametric analysis.
Ethical approval
The research related to human use has been complied with all the relevant national regulations and institutional policies, has followed the tenets of the declaration of Helsinki, and has been approved by the authors' institutional review board (Approval No. P.T.REC/012/001701).
Informed consent
informed consent has been obtained from all individuals included in this study.
Results
There was no significant difference between groups for age, height, or weight (p = 0.306, 0.187, 0.315, respectively), as shown in Table 1 . descriptive statistics of the pre-training and post-training values of peak torque and flexibility in the 3 groups are illustrated in Table 2 .
For hamstring isokinetic concentric torque, there was no significant difference between the pre-training values of the 3 groups (p = 0.572). The post-training values of the 3 groups were significantly higher than the values before the intervention (p = 0.001). However, there was no significant difference between the post-training values of the 3 groups (p = 0.200). The change scores of groups B and C were significantly higher than that of group A (p = 0.004, 0.026, respectively), without any significant difference between the change score of groups B and C (p = 0.478).
There was no significant difference between the pre-training The change scores group B and C were significantly higher than that of group A (p = 0.034, 0.024, respectively), without any significant difference between the change score of groups B and C (p = 0.892). Regarding hamstring flexibility, there was no significant difference between the pre-training values of knee RoM between the 3 groups (p = 0.155). The post-training values of group B and C were significantly higher than that of group A (p = 0.018, 0.035, respectively). There was a significant improvement in the hamstring flexibility in the 3 groups (p = 0.001). The change scores of group B and C were significantly higher than that of group A (p = 0.001), without any significant difference between the change score of groups B and C (p = 0.198).
Discussion
The presented study was conducted to examine the longterm effect of applying static stretch at different times of day on hamstring concentric and eccentric peak toque and hamstring flexibility. The hypothesis of the study was accepted as the results proved that the static stretching of hamstring in the afternoon or in evening increased the concentric and eccentric torque and hamstring flexibility more than the stretching in the morning. The current study was the first to divide subjects into morning, afternoon, and evening groups for comparison, on the basis of the assumption that there is enough variability between morning, afternoon, and evening strength and flexibility to affect the overall gains. This assumption may have been too far reaching and leading to the lack of consistent results with the current study. Thus, there was a difficulty to compare the findings of the present study with previous literature on circadian rhythm. All prior studies measured the change in each subject's strength and flexibility over the course of a day.
The significant improvement in the 3 groups is supported by the findings of Hill et al. [28] , who demonstrated that there was temporal specificity in training to increase work capacity. The greater improvements occur at the time of day at which high-intensity training is regularly performed. Additionally, the gains of afternoon and evening groups in the current study were significantly higher than those of the morning group, which concurs with some of the previous studies that reported that the physical performance of swimmers [29] and cyclists [30] was gradually increased through the day that was positively correlated with the body temperature. Moreover, West et al. [31] compared the jumping score at 10:00 h and 17:00 h. They found that the peak power output of jumping was higher at 17:00 h. So, it is concluded that slight circadian rhythm of the body temperatures might affect the physical performance of elite players.
The improvement of hamstring flexibility of the 3 groups is consistent with the findings of Bandy and irion [32] and the recent study by Cini et al. [33] , who reported that a 30-s static stretch was sufficient for increasing the hamstring flexibility. However, Berenbaum et al. [34] , who investigated whether 3 weeks of either static or dynamic hamstring stretching affected RoM and anaerobic exercise performance in recreationally active individuals, reported that there were no significant differences between groups for the horizontal jump, vertical jump, or 50-meter sprint. Furthermore, 3 weeks of either static or dynamic hamstring stretching did not improve RoM in the active subjects. This contradiction in the results may be due to the short duration of the applied training program as these studies did determine a certain time for the application of stretching techniques.
The findings of the current study are supported by the results which reported that the hamstring static stretching was effective in increasing the concentric torque of hamstring muscles and raised the knee extension RoM [20] . Likewise, it has been proved that the static stretching of plantar-flexors was effective in increasing the concentric and eccentric plantar flexion torque and improved the plantar-flexors flexibility in untrained and trained subjects [21] . it is worth mentioning that the stretching sessions of these studies were performed randomly between 10:00 h and 17:00 h, which may have inversely affected the results as the significant physiological differences in the period specified by the authors [4] .
The improved flexibility of the afternoon and evening groups as compared with the morning group is supported by the findings of Gifford [35] , who showed that the fingertip to floor was stiff at 06:00 h, and the flexibility gradually increased to maximum at midday to midnight. Similarly, lumbar flexion measurements demonstrated the highest stiffness in the morning, with flexibility increasing to the peak in late afternoon and early evening, followed by increased stiffness. Likewise, Guariglia et al. [15] assessed the hamstring length and found that the flexibility increased significantly throughout the day and was greatest at 18:00 h. Furthermore, Pearson and onambele [11] examined the time-of-day variability of internal muscle structure and infrapatellar tendon characteristics. They concluded that tendons were more compliant at night. These studies proved the presence of increased muscle compliance at night, and greater flexibility as a consequence. The changes in muscle flexibility through the day can be explained by the findings of Teo et al. [16] , who reported that the body temperature, being maximal in the early evening, increased the energy metabolism and muscle compliance. in addition, deschenes et al. [9] concluded that the production of testosterone, which peaks in the morning and declines in early evening, was the cause of changes in tendon stiffness. They proved that there was a significant circadian effect on nerve conduction velocity, sensitivity, and neuromuscular efficiency, which followed fluctuation of core temperature. However, these findings are against the observations by Reilly et al. [4] , who reported that circadian rhythm had an insignificant influence on whole body flexibility.
The gains in the hamstring flexibility of the 3 groups may be attributed to the changes in muscular length due to increases in the number of sarcomeres in series [36] . Taylor et al. [37] reported that after stretching, some viscoelastic properties of the muscular connective tissue changed, the resistance tension diminished, and the muscle became more complacent, which may explain the increased hamstring concentric torque as caused by increasing the elastic components of the muscle. Moreover, most of the strength improvement after stretching is due to the passive components, as well as the contractile and active components of the muscles [38] . Also, Worrell et al. [39] attributed these improvements to a greater ability of the stretched muscle to store elastic potential energy absorbed during the eccentric contractions, which exceed the concentric contractions; this would improve the later strength of the concentric contractions. These authors observed that there was a significant increase in the concentric torque after stretching, which coincides with the current results.
The increased hamstring torque may be due to neural factors rather than changes in series elastic component stiffness and flexibility. Yamashita et al. [40] found that stretching a rat soleus muscle by 10 and 20% increased post-tetanic potentiation of the miniature end-plate potential, which indicates increased Ca 2+ conductance in the nerve terminal, facilitating neurotransmitter release. So, the muscle force generation should increase as a result of raised transmitter release. Moreover, de deyne [41] reported that one of the chronic effects of static stretch was the build-up of sarcomerogenesis. The improvement of hamstring torque and flexibility of the 3 groups can be explained by the findings of Chtourou and Souissi [7] , who observed that adaptations to training were greater at the time of day at which training was regularly performed than at other times. Moreover, training in a specific time of day increased the strength over the time course of the day [9, 10] .
The increased torque in the afternoon and evening groups was significantly higher than that in the morning group. This can be explained by the findings of Martin et al. [10] , who examined the effect of time of day (07:00 h vs. 18:00 h) on maximal voluntary contraction (MVC). They reported that the force produced during an MVC was higher at 18:00 h than at 07:00 h. Likewise, Gauthier et al. [42] investigated the effect of time of day on isometric and isokinetic torque of the elbow flexor muscles at different angular velocities, showing a significant effect of circadian rhythm on muscle isometric and isokinetic torque, with higher values observed between 17:50 h and 18:30 h.
Additionally, Nicolas et al. [43] observed a significant diurnal variation in muscle strength during 50 MVCs of the knee extensors at the angular velocity of 120°/s, with the peak value observed at 18:00 h. Moreover, Guette et al. [44] found a significant time-of-day effect on MVC torque of the knee extensors for the dominant and non-dominant legs, with highest values occurring at 18:00 h. in the same way, Souissi et al. [8] studied the circadian rhythm of peak power and mean power and reported a significant time-of-day effect, with morning nadirs (ca. 06:00 h), and afternoon or early evening peak values (18:24 h and 18:00 h for peak power and mean power, respectively). This may explain the non-significant difference between afternoon and evening groups. Likewise, during intermittent exercise, Chtourou et al. [45] showed that muscle power was significantly higher in the evening (17:00 h) compared with the morning (07:00 h) only for the first two sprints during a 5 × 6-s sprint exercise.
Besides, Sinclair et al. [12] suggested that both male and female athletes should perform knee flexion strengthening exercises training/competitions in the late afternoon or early evening in order to maximize the performance. Furthermore, Pallarés et al. [46] reported that performance was significantly enhanced in the afternoon compared with the morning in 25-m swimming time, bench press maximum strength, bench press muscle power, and jump height, but not in crank arm power. However, the results of hamstring torque of the present study were not consistent with the findings of Souissi et al. [47] , who assessed the effect of time-of-day specific training on the diurnal variations of short-term performances in boys. They observed that time-of-day specific training increased the child's anaerobic performance specifically at this time of day. Moreover, the improvement of their physical performance was greater after morning than after evening training.
However, most of the previous studies [4, 7-9, 11, 12, 15, 29, 30, 42-46] reported that the physical performance was time-dependent, with morning lowest values and afternoon/evening peak values; it is impossible to attribute the inability of the morning group to achieve the same improvement level as the afternoon and evening groups to circadian rhythm. Chtourou et al. [48] , in turn, showed that regular morning training reduced the difference between morning and afternoon in the diurnal variation of muscle power and strength. They observed that the subjects of the morning training group improved their performance at 07:00 h and at 17:00 h, with greater increase at the time of day at which they regularly trained. However, the subjects of the afternoon training group improved their performance only at 17:00 h and this improvement resulted from a higher difference between morning and afternoon muscle strength and power.
Limitations
The evaluation of participants was conducted at the same time of day as the static stretch training. So, this study did not examine the effect of training at a specific time of day on hamstring peak torque and flexibility at a different time of day. Cook et al. [49] reported that morning strength training was associated with improved physical performance in the afternoon. So, further research is needed to determine if stretch training in the morning will affect the hamstring strength and flexibility in the evening and afternoon and vice versa. The presented study was conducted among trained male participants. it is therefore recommended to perform such a study among male and female samples in order to allow the findings to be generalized. The static stretch training was applied for one muscle group, which is a rare situation in clinical practice of athletic training. The chronotype of the participants was not assessed before the first testing session. Although Karagul et al. [5] found that chronotype did not affect the balance results of subjects with different physical activity levels, it must be considered in future studies. Finally, it is important to note that the concentric and eccentric hamstring torque was measured without consideration of other isokinetic parameters, like isometric torque, power, work, and fatigue.
Conclusions
The present results displayed that static stretch training of trained individuals, 3 repetitions of 30 s, 5 times/week for 6 weeks, at the same time of day, produced a significant increase in the hamstring eccentric and concentric torque and flexibility. Moreover, static stretching in the afternoon and evening induced more gains in hamstring torque and flexibility than morning stretching. So, static stretching is a time-dependent task that should be considered by clinicians, coaches, and athletes to be scheduled in the afternoon or evening.
